INTRODUCTION
The concept of sustainability is currently employed in a broad spectrum of multidisciplinary fields and has garnered significant interest among various professionals in the past couple of decades. The most widely accepted definition for sustainability to date originated from the United Nations World Commission on Environment and Development report (UN-WCED, 1987) , also known as Our Common Future report or the Brundtland report, which refers to sustainability as: "…development that meets the needs of the present without compromising the ability of future generations to meet their own needs." This definition is succinct and captures the essence of sustainability in a broader perspective. However, for planning and implementation purposes, more functional definitions that reflect specific goals have to be adopted. The United States Environmental Protection Agency (USEPA) formulated its own definition for sustainability (NRC, 2011 and USEPA, 2012) . According to this definition, sustainability is "the continued protection of human health and the environment while fostering economic prosperity and societal wellbeing." For more practical applications, the concept of "three pillars", or "triple bottom line", of sustainability gained prominence, encompassing the environmental, economic and social measurables into evaluating the overall impacts of a project throughout its life cycle. From the 1980s until the mid-1990s, greater importance was given to evaluating the life cycle environmental impacts with less focus on the economic and social aspects. This scenario changed in the late 1990s, at which time roughly equal importance was given to the environmental as well as economic impacts of a project during its life cycle. The impact of civil engineering projects on human health and surrounding communities attracted equal attention during the design and implementation phases in the past decade with the aim of sustaining harmony and creating a positive impact for the society.
Sustainability indicators are measurable aspects of environmental, economic, or social systems that are useful for monitoring changes in system characteristics relevant to the continuation of human and environmental well-being (e.g., greenhouse gas emissions). On the other hand, sustainability metrics are measured values to quantify the resulting impacts from specific indicators and are based on tools developed to determine each metric for a specific study (e.g., LCA). The attributes of sustainability indicators can be formal, informal, objective, or subjective, and some of the characteristics of indicators are suggested to be SMART -Simple, Measurable, Accessible, Relevant, and Timely; and SPICED -Subjective, Participatory, Interpreted and communicable, Cross-checked and compared, Empowering, and Diverse and disaggregated (Roche, 1999) . The most widely used indicators by the United Nations for quantifying sustainable development are classified under 12 different categories, which include poverty, population stability, human health, living conditions, costal protection, agricultural conditions, ecosystem stability, atmospheric impacts, generation of wastes, resource consumption, economic growth, and accessibility to information (UN, 2007) .
The functional sustainability indicators for environmental remediation are well established along with metrics and tools to quantify the impacts considering the environmental and economic aspects (ITRC, 2011) . However, social sustainability aspects received little attention. The definition of social sustainability was coined by Polese and Stren (2000) , which led to the establishment of the following common ingredients for social sustainability (Colantonio, 2007) :
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• Overcoming disadvantage attributable to personal disability • Fostering personal responsibility, including social responsibility and regard for the needs of future generations • Maintaining and developing the stock of social capital, in order to foster trusting, harmonious and co-operative behavior needed to underpin civil society • Attention to the equitable distribution of opportunities in development, in the present and in the future • Acknowledging cultural and community diversity, and fostering tolerance and, • Empowering people to participate on mutually agreeable terms in influencing choices for development and in decision-making. The social sustainability indicators should be developed keeping in mind these common ingredients (Colantonio, 2007) . However, widespread ambiguity among remediation professionals still prevails with respect to adopting a unified approach for quantifying the social impacts and indicators of a project since metrics and tools for this purpose are scarce and challenging to devise.
The objectives of this study are: (1) to develop a matrix for assessing the social impacts (SSEM) of an environmental remediation project, (2) to devise a quantification tool to evaluate the metrics pertaining to project-specific goals and criteria, and (3) to demonstrate the applicability of the developed SSEM tool for two contaminated sites, the Indian Marsh Ridge Site (Chicago, IL) where near-surface soils are contaminated by heavy metals and polycyclic aromatic hydrocarbons (PAHs); and the Matthiessen and Hegeler Zinc Superfund Site (near LaSalle, IL) where near-surface soils are contaminated by heavy metals.
DEVELOPMENT OF SSEM TOOL
The sustainability framework developed by USEPA (NRC, 2011 and USEPA, 2012) , which incorporates an integrated approach for sustainability evaluation, formed the basis of SSEM development in this study. In order to quantify the social aspects of sustainable remediation, it is critical to establish meaningful indicators that account for cross-functional aspects of the pillars of sustainability, i.e. socioindividual, socio-institutional, socio-economic and socio-environmental. SSEM is an Excel-based tool with several social dimensions and identified key measures, as presented in Table 1 . These are comprised by 18 key measures for socio-individual impacts, 18 key measures for socio-institutional impacts, 11 key measures for socioeconomic impacts, and 13 key measures for socio-environmental impacts.
The socio-individual and socio-institutional dimensions encompass indicators that pertain to overall impacts on standard of living, education, population growth, justice and equality, community involvement, and fostering local heritage. The socioeconomic dimension comprises indicators pertaining to business ethics, fair trade and worker's rights. The socio-environmental dimension accounts for the consumption of natural resources, environmental management, and pollution prevention in all environmental media such as air, water, land and waste. The incorporation of all four social dimensions and their corresponding indicators into the SSEM tool is perceived to be best representative of the overall resulting social impacts through the entire life cycle of a proposed environmental remediation project. The developed SSEM is flexible and accommodates the use of additional key areas to facilitate projectspecific application and quantification of the social impacts. Gender equity Justice and equality Care for the elderly Care for those with special needs Degree to which post-remediation project will result in skills development Degree to which post remediation project will result in leadership development opportunities Enhancement of community/civic pride resulting remediation and post-remediation project Degree to which tangible community needs are incorporated remediation design Transformation of perceptions of project and environs within greater community Potential of post-remediation project to enhance cultural diversity in community Potential of incorporating newcomers to community Potential of remediation to foster better health through enhanced recreational opportunities Enabling knowledge management (including access to Eknowledge) SocioInstitutional Appropriateness of future land use with respect to the community environment Degree of land use planning fostered by proposed construction/remediation Involvement of community in land use planning decisions Enhancement of commercial/income-generating land uses Improvement and enhancement of market-rate housing stock Improvement and enhancement of affordable housing stock Degree of disruption (noise, truck traffic) from proposed remedial method to the surrounding neighborhoods Degree of contaminant removal/destruction vs. in-place capping or immobilization Degree of future characterization/remediation required by re-zoning or altered land use "Greenness"/sustainability of proposed remedial action Incorporation of green energy sources into remediation activity Restoration or impact to productive surface water or groundwater use Degree proposed remediation will affect other media (i.e., emissions/air pollution) Potential of future environmental impact (i.e., diesel exhaust from trucks)
A scoring system has been devised as shown in Table 2 , with zero value for no impacts, +1 or +2 for positive impacts, and -1 or -2 for negative impacts in order to evaluate the metrics for sustainability indicators under all four social dimensions. A score is assigned for each key area, and the sums of scores for each dimension as well as the total score of all four dimensions are calculated and compared for various remediation options being considered, including the "no action" option. This tool provides a better understanding of the resulting social impacts under descriptive categories, which can facilitate the formulation of targeted action plans aimed at overall impact mitigation. 
APPLICATIONS OF SSEM TOOL
The SSEM tool is applied to assess the social sustainability in addition to the environmental and economic sustainability aspects for two sites as detailed in this section.
Indian Ridge Marsh Site
Indian Ridge Marsh (IRM) is among the several degraded wetlands in the Calumet region of Chicago, Illinois proposed for remediation and redevelopment as part of the Calumet Open Space Reserve (COSR). A variety of contaminant types were identified within soils, groundwater, sediments, and surface water through several site assessments. The most prominent contaminants were semi-volatile organic compounds (SVOCs), volatile organic compounds (VOCs), heavy metals, and total petroleum hydrocarbons (TPH). Based on a comprehensive assessment of existing site conditions (geology and hydrogeology), types of media impacted, and the levels of risk posed to human health and the environment, a risk-based corrective action (RBCA) approach was employed to identify suitable remedial measures for this site in a previous study (Yargicoglu and Reddy, 2013) . Green and Sustainable Remediation (GSR) tools, such as Green Remediation Evaluation Matrix (GREM), SiteWise TM , and Sustainable Remediation Tool (SRT TM ) were employed for both qualitative as well as quantitative evaluation of sustainability aspects pertaining to applicable remedial technologies for the site. Two remedial alternatives were chosen for comprehensive analysis with detailed estimates of project metrics using SiteWise TM , including: (1) phytoremediation coupled with enhanced bio-stimulation, and (2) excavation of contaminated soil. The results from this analysis clearly indicated that phytoremediation in conjunction with enhanced bio-stimulation was a more sustainable, remedial alternative as opposed to excavation of the contaminated soil from site. The major indicators used for the evaluation of sustainability metrics involved GHG emissions, total energy used, costing, final cost with footprint reduction, water impacts, NO x , SO x and PM 10 emissions, topsoil consumption, and other metrics such as accident risk of fatality and injury, lost hours due to injury, and space consumed for disposal of hazardous and non-hazardous wastes. From the list of indicators mentioned, it is evident that a prior sustainability assessment was conducted with a higher priority given to environmental and economic dimensions, with less focus on the societal dimension.
The SSEM tool is applied to the Indian Ridge Marsh project to evaluate the social impacts of both remedial alternatives. Some reasonable justifications for the assigned scores in SSEM for the evaluation of metrics are as follows:
• With respect to the socio-individual dimension, the phyto-EB option was assumed to create a positive impact on quality-of-life issues since it involves the least disturbance of contaminated soil, limiting dust generation; and reduced generated traffic. The phyto-EB option can enhance the natural pride of the surrounding community and provide opportunities for recreation and development of new skills through knowledge enhancement as compared to the excavation and disposal option. Phyto-EB results in less site disturbance, enhances aesthetics, and may offer an attractive destination as compared to a site where excavation has resulted in a less aesthetically pleasing alteration of the land.
• Under the socio-institutional dimension, phyto-EB was assumed to create positive impacts by fostering future land use for community-based recreational purposes and improved impacts resulting from the enhancement of architecture/aesthetics of surrounding communities. Phyto-EB would foster greater positive participation from government, community organizations, voluntary organizations, and local networks. Excavation and disposal often results in a higher degree of negative responses from local and community organizations due to the potential health hazards during/post remedial activity.
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• Under the socio-environmental dimension, phyto-EB has higher positive impacts due to higher degree of protection to workers during/post remedial activities. Phyto-EB is an in-situ technology which avoids future impacts from emissions and roadway wear generated by large trucking loads during excavation and disposal; phyto-EB exhibits a greater degree of "greenness"; however, the downside is that the plants require a minimum of 5 growing seasons to effectively remediate the contaminant levels, while excavation and disposal is a much quicker alternative. Results of the social sustainability assessment are shown in Figure 1 . It should be noted that the net grand score for excavation and disposal option is zero. Overall, SSEM results indicate that the phytoremediation with enhanced bio-stimulation (phyto-EB) remedial option has the highest positive impact on the surrounding community as compared to the excavation and disposal option. It is also evident that if no remedial action were taken, negative impacts would result to the surrounding community and is thus considered to be the worst-case scenario. all but one sample. Additionally, elevated levels of arsenic were also identified in certain areas of the smelter site. In general, the large surface area of the contaminated site, over 40 hectares (100 acres), posed a challenge for choosing appropriate remedial technologies. Two alternative treatment methods were evaluated for longterm sustainability -a conventional excavation, hauling and disposal program, and an in-situ remediation approach via solidification/stabilization (Goldenberg and Reddy, 2014 ). An inventory of materials required to remediate a constant depth of 0.6m of the contaminated soil throughout the 40-acre site was assumed for both remedial options to facilitate fair comparison between both options. A quantitative LCA was conducted using SimaPro (Version 7) to evaluate the environmental sustainability metrics using indicators such as global warming, air pollutants, eco-toxicity, smog, natural resource depletion, and water intake as well as human health impacts resulting from the generation of carcinogenic compounds. An economic sustainability analysis was also conducted in order to compare the costs incurred by the application of both remedial alternatives at the contaminated site. Based on the results obtained from SimaPro analysis and economic sustainability analysis, in-situ solidification/stabilization (in-situ S/S) was found to be the most sustainable remedial option for this project site. However, the comparative sustainability evaluation (Goldenberg and Reddy, 2014) seldom focused on the social aspects associated with the application of both the remedial alternatives. The SSEM tool is applied to evaluate the resulting social impacts from both the remedial options evaluated for the zinc smelter site. Many of the socio-individual, socio-institutional, and socio-economic dimensional benefits cited in the Indian Ridge Marsh Site are identical to this case; in-situ S/S offers identical advantages in many cases compared to excavation for these dimensions. The justification for the scores assigned under the socio-environmental dimension in the SSEM tool as presented in are discussed below:
• The process of excavation and hauling incurs greater negative impacts due to increased truck traffic and roadway wear in the surrounding community, impacts from vehicular emissions, noise pollution and greater consumption of energy and fuel, which consequently results in negative scores for the extent of "greenness" pertaining to the application of this option.
• The use of in-situ S/S remedial option offsets excessive trucking and associated negative impacts; however, the use of excessive cement quantities in this technique can create a negative impact since the manufacture of cement is an energy-intensive process and can also generate toxic emissions such as mercury, acidic gases and particulate matter, which are considered to be toxic for human health. This issue can be addressed by incorporating recycled materials as a partial substitute for cement (for ex. slag-cement mixtures) Figure 2 shows the results of SSEM results and these results indicate that in-situ S/S had the highest levels of positive social impacts in all four social dimensions evaluated as compared to the excavation and hauling option. Excavation and disposal was found to negatively impact the socio-environmental dimension and contributed to approximately equal positive impact as compared to in-situ S/S under all other social 
CONCLUSIONS
Indicators, metrics and tools are currently available and reasonably well established to quantify the environmental and economic aspects of sustainability. The development of the metrics as well as simple and practical tools to quantify the social sustainability of remediation projects has been identified as an urgent priority by sustainable remediation professionals. A social sustainability evaluation matrix (called as SSEM) has been developed in this study as a tool to identify key social issues and quantify their relative positive or negative impacts. It should be noted that social quantification is not a goal in or of itself; rather, it is a systematic process where a comparison and assessment can be made to allow for informed decisions on environmental remedy selection. 
